Using contract-level data, we study the relation between the inclusion of know-how in cross-border patent licensing agreements and the contractual terms used by firms to deal with moral hazard risks. We use official data on international technology contracts with patent licensing terms registered by affiliated and unaffiliated parties before the Department of Technology Transfer of the National Institute of Intellectual Property (INPI) in Brazil between 1996 and 2012. We find that contracts between unaffiliated parties involving knowhow transfer show distinctive contractual and technology features compared to the rest: (i) they involve younger but lower quality technologies (compared to contracts without know-how); (ii) they are more prone to up front lump-sum payments than royalty or combined payments (royalty and fixed); and (iii) they are more likely to be accompanied by the licensing of other IPRs, in addition to patents, such as trademarks.
Introduction
Research has shown that patents encourage the development of technology markets and facilitate the division of innovative labour across firms and sectors (Arora, Fosfuri, and Gambardella 2001; Arora and Gambardella 2010) . By reducing informational asymmetries and lowering the cost of transactions, patents allow partners to contract for legally protected pieces of knowledge and contribute to making technology markets more fluent. However, technology transfer often requires more than just the permission to use technology covered by patents; and not all necessary knowledge may be protected by intellectual property rights (IPRs). In many cases, the transfer of know-how, which is often tacit knowledge owned by the technology firm, is critical to the successful exploitation of the transferred technology. Tacit means that knowledge is embedded in persons (idiosyncratic to its creators), and as such it is neither easily codifiable (in blueprints, designs and patents) nor transferable without incurring into important contractual hazards (Polanyi 1966; Rosenberg 1983; Pavitt 1987 ).
Because it is non-protectable through IPRs, or protected only through informal modes of protection, namely trade secrecy, tacit knowledge is hard to articulate and transfer to other firms through arm's length contracting (Teece 1986) .
The objective of this study is to investigate under what contractual conditions and technology contexts contracts involving the licensing of patents also include explicit clauses for the transfer of know-how (i.e. the unprotected component of the transferred technology). While a rich theoretical literature exists on the optimal design of licensing contracts (e.g. Macho-Stadler, Martinez-Giralt, and Pérez-Castrillo 1996; Choi 2001; Jensen and Thursby 2001) , the empirical analysis of how moral-hazard and technology attributes such as age of technologies or patent scope reflect in contract design remains scarce. Furthermore, in spite of a consensus among scholars about the importance of know-how in technology transfer (Taylor and Silberston 1973; Arora and Gambardella 2010) and innovation, and the notorious growth of global technology transactions (Zuniga and Guellec 2009) , despite technology markets imperfections (Kani and Motohashi 2011) , the empirical examination of how companies deal with the exchange of know-how is yet to be established. The dearth of contract-level data evidently remains an important limitation in pursuing this venue of research. Taking advantage of contract-level data registered by the Department of Technology Transfer of the National Institute of Intellectual Property (INPI) in Brazil, we study the factors that explain the incidence of know-how transfer -defined as the provision of scientific and technical assistance services and supply of technology (other than those protected through patents by the licensor firm in Brazil) in patent licensing contracts between international companies (licensors) and domestic firms (licensees).
We study differences between contracts reporting transfers of know-how ('technology packages') and contracts that are restrained to patent licensing ('stand-alone' patent licensing). Using information from contract-level data, we are able to test several hypothesis advanced by the theoretical literature that are expected to influence know-how transfer and help deal with asymmetric information and uncertainties surrounding technology transfer. More precisely, we explore the association between the provision of know-how transfer and (i) the age and quality of the technology; (ii) the payment choice -with upfront payment schemes being a way to deal with moral hazard and misappropriation risk; (iii) the existence of previous relationships between contracting parties; (iv) the provision of other IPRs (e.g. trademarks, designs and industrial models) in addition to patents; and (iv) the strength of the licensed patents, as reflected in patent features such as patent scope and international family links. Our aim is to provide new empirical insights into the economic fundamentals shaping patent licensing contracts and the ways firms deal with the moral hazard surrounding the transfer of know-how.
We are particularly interested in investigating whether providing know-how relates to the provision of other intellectual assets supporting technology transfer and/or innovation exploitation as reflected in the accompanying licensing of other IPRs. Apart from reflecting potential complementarity effects (e.g. Arora 1995 Arora , 1996 , a positive association between know-how and provision of other IPRs -such as trademarks -may indicate a stronger partnership between parties. In principle, the licensing of a brand would require licensees supplying their counterparts with additional intellectual competences provided by IPRs other than patents -necessary to bring products to the markets. An IPR package also means the use of a multi-protection strategy for an invention or technology.
We explore these questions for the case of Brazil. Brazil is interesting not only for its potential as target market for technologies, being the fifth largest country in the world and the sixth economy in terms of GDP (IMF 2011) , but also for its strong science base and growing technological capabilities. The country takes the 15th position in the world ranking in terms of scientific production (SCImago 2012) . Patent requests to the National Institute of Industrial Property (INPI) increased 23% in the period from 1999 -2004 to 2005 (Dutz et al. 2012 . Over the last decade, the government has increased support to science, technology development and innovation substantially through different policy measures including direct and indirect incentives for innovation investment and technology transfer. The Program BNDES Innovation (Ferrero Zucoloto, Alves, and Guerra Fioravante 2013), for instance, provides financial support to business innovation investment. It finances, inter alia, R&D investments, the acquisition of new machinery and equipment (produced in Brazil and imports without a similar national version), activities related to the transfer and absorption of technology (technology services) and training.
We rely on data at the contract level for all patent licensing contracts registered at INPI during the period 1996-2012. We use additional information from several sources (company's websites and news reports available online) to distinguish licensing contracts by foreign firms to unaffiliated firms (in Brazil) from licensing taking place within multinational company groups (licensing to affiliated companies in Brazil). After cleaning, parsing and coding the data, we complemented contract data with patent-level data from PATSTAT October 2012, which allowed us to dig further into invention and patent-level features potentially affecting the provision of know-how.
Using this information, our study seeks to shed new light in the analysis of technology contracting and enrich previous research in different dimensions. First, we provide new insights into the understanding of patent licensing: how contracts are designed and how firms deal with the transfer of know-how based on official data from licensing contracts. The availability of key information on contract features and their match with patent data allow us to confront some of the main arguments of economic theory with contract-level data. Our paper brings therefore a dimension of analysis seldom used in the literature.
In the study of technology transfer transactions, researchers are faced with the problem of lack of data, as contract information is kept secret among parties. This has led most economic studies to rely on survey data for particular set of transactions or surveys on inventors based on individual patent-level information -neglecting the fact that licensing of IPRs often come in technology and IPR packages (e.g. government survey on international technology agreements as in Arora (1996) ; licensing Survey by the Licensing Executive Society members from France (Bessy, Brousseau, and Saussier 2010) ; the PATVAL Survey (I-II) (Gambardella, Giuri, and Luzzi 2007) ; the RIETI-Georgia Tech Inventor Survey (Nagaoka and Walsh 2009) ). Other studies have used proprietary databases based on publicly available information such as Securities and Exchange Commission (SEC) filings, corporate information from news clips or annual reports (e.g. Anand and Khanna 2000; Hegde 2014) . Most of these studies, however, are either restrained to few industries or data are based on voluntarily disclosed information resulting in selection bias issues. Although our data has other limitations, we are able to deal with some of the drawbacks just mentioned and test several hypotheses advanced by the literature regarding the strategic design of contract and their relationship with technology and patent features. In addition, our work can be seen as a first effort in the empirical analysis of patent licensing contracts in the context of an emerging country.
Our second contribution is precisely to provide new insights into international patent licensing activity from developed to developing countries. The acquisition of know-how is of crucial importance for firms in the process of catching-up (Alvarez, Crespi, and Ramos 2002; Johnson 2002; Fagerberg, Srholec, and Verspagen 2010) . For middle-income countries, evidence indicates that foreign technology licensing can have important benefits on firms by means of learning, know-how acquisition and complementarities with internal R&D capacity (Arora 1996; Lee 1996; Griffith, Redding, and Van Reenen 2004) . Chung and Lee (2015) show that foreign technology licensing can be a key element to the firm learning process in catching up economies as it mostly occurs before firms engage in in-house R&D. Firms engaged in both activities over time show a higher patent propensity and product introduction rates. It is important then to better understand in what conditions and through which arrangements know-how transfer occurs and accompanies codified technology acquisition.
The paper is organised as follows. In Section 2 we review the literature on the factors influencing contracting of technology and the licensing of know-how. We discuss the rationale underlying the decision to license technology packages combining patent licensing with protected (other IPRs) and non-protected knowledge (know-how). Section 3 sets out our hypotheses and Section 4 describes the data and the methodology used. Section 5 presents and discusses our results. The last section concludes and discusses future venues of research.
Literature review: know-how and technology contracting
Know-how is a private knowledge asset developed by innovative firms. It is often tacit, embedded in people, and results from accumulated experiences, learning-by-doing and specific context conditions (Polanyi 1966; Rosenberg 1983; Pavitt 1987) . In practical terms, know-how transfer can take the form of training, R&D services, demonstrations, industrial secrets or any other type of knowledge or technical services that is provided by the experts who developed the technology. Thus, know-how transfer entails sharing important information about procedures and practices, rules of thumb and guidance for modifications to suit different circumstances (Teece 1986; Arora 1996) . Know-how is hard to codify in blueprints or manuals, it is therefore unprotected (by formal legal means) and requires consequently face-to-face interaction to be transferred. Generally speaking, know-how tends to be the 'non-verifiable' part of the technology.
The literature recurrently stresses the difficulties in the transfer of tacit knowledge through markets. Macho-Stadler, Martinez-Giralt, and Pérez-Castrillo (1996) explain that information failures are particularly exacerbated in the case of know-how transfer because it is often non-protectable technical knowledge -know-how is not an invention, in the sense of IPR laws. According to Taylor and Silberston (1973) know-how is one of the most strongly contested points in technology transfer agreements, because transferring know-how usually involves benefits and obligations that are difficult to foresee. More generally, the tacitness of knowledge increases contractual hazards (Arora 1995; Macho-Stadler, Martinez-Giralt, and Pérez-Castrillo 1996; Mendi 2007) . Given this scenario, know-how transfers are more likely to occur exclusively between affiliated firms (Caves, Crookell, and Killing 1983; Kogut and Zander 1993; Mendi 2007) . Know-how transfers are also more likely to take place when transactions are more costly (e.g. with breakthrough technology requiring new types of equipment) and when the knowledge required is more complex and tacit. (Williamson 1991; Kim 1997 ).
According to theory (Arrow 1962) , contractual hazards from both sides (Contractor 1981; Caves, Crookell, and Killing 1983; Teece 1986 ) could discourage firms from sharing knowhow outside the corporation. From the licensor's perspective, disclosed information can be misappropriated. Once know-how is transferred the licensee may have no further incentive to comply with the agreed terms -he may try not to pay after learning the know-how, he may not tell the truth about the output (if payments are output-based) or he may use and even sell the knowledge to others. From the licensee's perspective, the seller of the technology (licensor) may not fully disclose information or not fully ensure the transfer of know-how required for the exploitation of technology to succeed after the contract has been signed. As a result, actions cannot be completely contracted upon, monitoring would involve additional agency costs and the full specification of assets to be transferred may be impossible.
The literature has provided a number of explanations and potential factors influencing know-know transfer to unaffiliated companies and the context conditions in which they take place. A group of studies relevant to our work have looked at the role of complementary knowledge, bundling and timing in the transfer of technology (Arora 1995 (Arora , 1996 Mendi 2007) . A second strand of research has analysed the provision of know-how from the perspective of payment schemes (Macho-Stadler, Martinez-Giralt, and Pérez-Castrillo 1996; Choi 2001; Jensen and Thursby 2001; Cebrian 2009; Bessy, Brousseau, and Saussier 2010; Hegde 2014) . We reviewed these studies and classed their lessons into five types of potential factors influencing the combined provision of know-how transfer and patent licensing: (a) bundling and contract length; (b) payment schemes; (c) technology and patent attributes; (d) firms' features and prior relationship; and (e) industry effects. In what follows, we try to put these findings in context and relate them to our analysis of patent licensing contracts providing both codified technology (patents) and tacit knowledge (know-how).
Bundling and contract length
The idea of 'bundling' in the context of know-how in technology contracts was early discussed by Teece (1981) , Contractor (1981) and Arora (1995) who explained that 'tied sales' improve the efficiency of the contracts involving know-how transfer. Arora (1995) showed that one way to solve the opportunistic behaviour of the licensee is to explicitly include both patent licensing and know-how transfer in the terms of the contract. The rationale is that protection of intellectual assets would facilitate the design of contracts and the provision of 'complementary' knowledge or technological inputs. Complementarity means that the joint provision of different supportive inputs would make exploitation of the technology transferred more efficient rather than provisioning separately each of the parts. Arora (1996) tested this idea in a study of 144 international technology contracts involving Indian firms, where he found that that the provision of complementary technology transfer (e.g. patent rights, plant commissioning and equipment acquisition) was related to know-how transfer (provision of training, quality control or support by licensor in the creation of R&D units).
Bundling also relates to the licensing of IPRs in addition to patents -such as industrial designs, copyrights or trademarks -necessary to the realisation and commercialisation of innovation. IPR bundles then help maximise returns to commercialisation while reinforcing contract compliance. In many cases, a technological innovation entails a package of intellectual pieces required to instrument and develop an invention or necessary to succeed its commercialisation.
Further, when the technology is transferred with an IPR bundle, the commercialisation efforts of the licensee are more closely tied to the reputation of the licensor and vice versa. In particular, an IPR bundle having trademarks and know-how licensing implies a strong commitment by the licensor to provide not only technology but also market reputation and complementary knowledge to fully exploit and commercialise the licensed technology.
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As stressed in the literature, the main economic function of trademarks is not, as with patents, to provide firms with R&D incentives, but to signal quality and good will, promoting efficiency by reducing consumer search costs (Landes and Posner 1987; Besen and Raskind 1991; Economides 1998) . In this context, the explicit addition of know-how transfer to the technology package may be interpreted as a way to guarantee the quality of the product sold by the licensee with the brand name of the licensor and produced with his patented technology, and thus, more likely to be related to product than process innovations.
The transfer of know-how has also been related to contract length. The duration of contracts could be used by licensors as a way to mitigate opportunistic behaviour and moral hazard in the licensing of know-how. Mendi (2007) examined 165 technology contracts signed in 1991 by Spanish firms and tested the relation between contract duration and knowhow provision. Accordingly, because patents uncover codified technology and are protected legally, contract duration may be expected to be less relevant in the context of technology transactions based on patents as opposed to transactions involving know-how. He found that shorter scheduled contracts were less likely to include the transfer of know-how while no significant relation was found in contracts involving only patents.
Payment schemes
The type and structure of payments in technology contracts are revelatory of moral hazard problems and asymmetric information between licensor and licensee, as suggested by Jensen and Thursby (2001) model. The choice of payment depends on several aspects such as the level of maturity of technology (Rockett 1990; Choi 2001) ; competition in the downstream market (e.g. Katz and Shapiro 1985) double-side moral hazard problem and the degree of involvement of the licensee in the development of the licensed technology (e.g. Choi 2001) as well as the degree of codification (Bessy, Brousseau, and Saussier (2010) , among other factors.
Traditionally, payment schemes can be of two types -variables (royalty rates) and/or fixed payment (lump-sum schemes) -or a combination of these (two-tariff payment). For the case of know-how, the literature provides arguments for and against the use of royalties. Starting from Contractor (1981) , it has been argued that output-based royalties would not be the best strategy to compensate the licensor for technical assistance or know-how provision. Because termination of contracts is of no concern for licensees, once the tacit knowledge is provided and lacking a deterrent effect, licensing contracts would take the form of a one-off lump-sum upfront payment to ensure economic returns from the transaction rather than a royalty-rate (Williamson 1991) . A different view is offered by Macho-Stadler, MartinezGiralt, and Pérez-Castrillo (1996) . They showed empirically that licensing agreements with know-how transfer will typically include royalty payments -but their analysis relates this 1 trademark licensing indicates the use of a company (or product) brand together with the licensing of a product innovation.
this means that the licensor gives the rights to use and commercialise his products to other parties (or services) under his insignia.
result only to moral hazard issues on the side of the licensor. According to authors, '[r] oyalties raise the licensor's incentives to transfer the best current know-how' which is crucial for the recipient firms to fully assimilate the licensed technology. Recent studies on payment structures emphasise that tacitness of knowledge increases moral hazard from the licensee's side pushing licensors to adopt fixed types of payments (or a combination) in order to ensure economic returns. This relation however seems to be moderated by the use of proprietary technology -when contracts bundle patents with knowhow -which increases certainty and reduces the licensee's margin for contract defection. In Bessy, Brousseau, and Saussier (2010) , contracts are more likely to rely on upfront lump sum payments (as opposed to royalties) the higher the degree of tacit knowledge transferred, such as technical assistance and know-how is (as opposed to codified knowledge). Using a data-set of 553 technology contracts in France, they find that royalty rates (ex-post payment) are more often used when technology is codified (patent-based) whereas in contracts involving more tacit knowledge, measured by an index summarising a set of know-how and consultancy services, the prevailing mode of payment is upfront lump-sum payment (ex-ante). Cebrian (2009) finds a similar result excepting for the case of bundling know-how with patents. She examined 925 licensing agreements in Spain, signed between 1942 and 1972. She finds that know-how transfer (technical services provided by foreign personnel and training) is more likely related to fixed payments although bundling know-how with patents is negatively related to the likelihood of choosing lump sum payment (compared to the use of only-royalties) since the probability of the moral hazard of the licensee side occurring is lower.
Finally, Hegde (2014) studies 505 licence agreements of biomedical inventions in the United States and finds that the importance of the licensors' tacit knowledge is associated with higher royalty rates, but when such knowledge can be codified (e.g. through patents or blueprints) licensees prefer upfront fees or milestone payments. He also finds that when the licensor can stipulate measurable benchmarks to ensure that the licensee exerts the necessary effort to commercialise the invention, non-contractible licensee effort is associated with minimum annual payments, but in the absence of such safeguards it is associated with upfront payments.
2 In this case, we are talking about early stage innovations which require development or market investment by licensee in order to succeed commercialisation.
Technology features
Another key feature of technology influencing the transfer of know-how is age or degree of maturity of the technology. In principle, the older the technology, the lower the uncertainty about its quality, and the lower the risk associated with the provision of tacit knowledge (see further details in Gallini and Wright (1990) and Rockett (1990) ). Mansfield and Romeo (1980) , in a study of international technology transactions by United States-based companies find that technology licensed to unaffiliated firms is generally older than in the case of affiliated firms.
3 However, other studies suggest that the provision of technical services would decrease in importance with the age of technology. Kim (1997) found evidence of this relation in an analysis of technical services in a sample of 39 pharmaceutical licenses 2 His sample includes licensing contracts involving high value transactions -the mean upfront payment to inventors is $1.5 million, as these were reported as material transactions by public corporations in their u.s. sEC filings.
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In her study of technology contracts in spain, Cebrian (2009) also argued that adverse selection is not really an issue in explaining payment schemes. accordingly, these problems are expected to be less important in developed-developing countries technology transfer agreements, given that the technologies transferred have already been proven in the licensor's country.
from Korea. He found the probability of providing technical services to be decreasing in the years of patent protection remaining and increasing in the complexity of technology. According to the technology transfer model of Macho-Stadler, Martinez-Giralt, and Pérez-Castrillo (1996) , the licensor will be interested in transferring know-how when: (i) the cost of know-how transfer is low; (ii) the demand of the licensee's product is high; (iii) the know-how is valuable, and (iv) the technology is important, if the know-how and the technology are complements. While we are not in the position to measure (i)-(iii), we can test for the possibility of (iv) which is the most relevant to our concerns. Thus, if know-how and technology are complements, the likelihood of providing know-how will increase with the value of technology. 4 Arora (1991) explains that the extent to which patents can be used to protect know-how depends upon the degree to which the know-how being provided is related to the technology covered by the patent, and upon the strength of patent protection. Previous studies have shown that strong protection of patents (or strong patents) is fundamental for firms engaging in licensing transactions (Arora and Gambardella 1994; Gambardella, Giuri, and Luzzi 2007) . In the study of technology contracts in India (Arora 1995) , the probability of providing technical services was higher when the contract included a patent license or a turnkey construction contract. A better enforcement of patented technology increases the effectiveness of the contract for know-how as well (Arora 1995 (Arora , 1996 . In their study of 1365 licensing deals involving U.S. partners Anand and Khanna (2000) found significant variation across industries in their propensity to engage in contractual features such as exclusivity and technology transfer and related these variations to the strength of IPRs across sectors, among other factors.
Patent attributes
In our case, we cannot discern between technology contracts with patents and without patents because all our contracts involve the licensing of patents. But what we can do is to examine whether certain features of patents related to patent strength correlate with the inclusion of know-how provision. According to the literature, a greater effectiveness of patents helps reduce uncertainty and asymmetric information surrounding technology market transactions (Arora and Ceccagnoli 2006) and induces therefore more licensing of technology. This has been measured with surveys asking firms how much revenues were due to protection.
5 Recently, De Rassenfosse, Palangkaraya, and Webster (2016), find evidence of the role of patents in helping with appropriation of innovation (confirming the protection role) in the conclusion of technology transactions. 6 We do not have information about the effectiveness of patents in firms' revenues or any other measure of appropriation effect, but we can look at the patent breadth or scope of patents licensed.
Another way of considering 'strong patents' is in their breadth -which is in part influenced by the patentee (Klemperer 1990; Merges and Nelson 1990 ) who seeks to maximise profitability from protection by protecting inventions through numerous claims and 4 on the contrary, when technology and know-how are substitutes, i.e. they are somehow 'interchangeable' , a better technology implies a low-valued know-how. 5 see arora and Ceccagnoli (2006). 6 no evidence was detected in regard to the role of patents as 'information disclosure' instrument and their incidence on reaching a technology contract.
expanding patent protection to a wide array of technology classes. Lerner (1994) reports evidence of the economic importance of patent breadth for firms as measured by the number of IPC classes covered in patents owned by biotechnology firms and the market value of these companies.
Firm features and prior relationships
Research has shown that prior relations are a key factor influencing the design of contracts. Firms rely on institutional responses such as long-term contracting to deal with moral hazard (Anand and Khanna 2000; Arora 1996; Arora, Fosfuri, and Gambardella 2001) . These mechanisms, however, are deemed only effective in the context of repeated interactions that allow to build up reputation or to apply credible threats to punish opportunistic behaviour (Arora 1996) . When companies engage in repetitive contracts over time, one can expect that they are committed in a cooperative relationship. Prior relationships, which could be seen as a proxy for trust among parties, increase the efficiency of the contracting process because risks and transactions costs associated with double-sided moral hazard decrease (e.g. Anand and Khanna 2000; Bessy, Brousseau, and Saussier 2010) . Therefore, we expect contracts involving this type of partners to be more prone to know-how transfer. Jensen, Palangkaraya, and Webster (2015) recently showed that a high level of trust between parties (i.e. know each other from a previous business) is a key determinant in reaching a technology transaction -compared with those with low levels of trust.
In regard to partners' size, the reputation and economic strength of the licensee influence contract design choice between the types of payments. A large licensee may not be as riskaverse and may be willing to engage in more complex transactions than a small licensee, even in the presence of information asymmetries. In his study of technology contracts in India, Arora (1996) finds that larger licensee firms were more likely to engage in know-how transfers (R&D service and quality control services).
Industry effects
The literature has also shown that important differences across industries prevail in the propensity to engage in technology (and knowledge) transactions which are reflected in the ways contracts are designed (Anand and Khanna 2000; Aulakh, Jiang, and Li 2013) . As noted by Anand and Khanna (2000, 127) , the ability to appropriate the gains from innovation differs systematically across sectors, and appears closely linked to the ability to clearly articulate the know-how embodied in the underlying technologies. In chemicals, for instance, articulating such information is easy, hence contracts specifying the limits to its use can be more easily designed. In electronics and computers, however, information is highly context-dependent.
We therefore expect industries that are more mature and with easier codification of knowledge -such as chemicals and related -to be more prone to know-how transfer as opposed to complex industries such as electronics and computers. The authors also explained that variations in the industry propensity to know-how transfers (and other contract features such as exclusivity) could also be related to differences in the IPR propensity across industries.
Hypotheses
From the literature reviewed above, our first hypothesis relates to the existence of potential complementarities between know-how and other intellectual assets that help reduce asymmetric information and improve contract enforcement. When patent licensing contracts include explicitly the provision of know-how, we expect this transaction to be accompanied by the licensing of complementary IPRs (notably trademarks and industrial designs). While causality could go in both ways, we argue that the transfer of know-how can be associated with the licensing of IPR packages given that: (i) enhanced protection helps mitigate opportunistic behaviour exacerbated with know-how transfer and makes the contract more coercive (Macho-Stadler, Martinez-Giralt, and Pérez-Castrillo 1996; Cebrian 2009 ) and (ii) reputational effects are higher in downstream licensing (involving product/company trademark licensing) -which motivates the licensor to ensure quality through provision of tacit knowledge.
We are particularly interested in the provision of trademark rights in patent licensing with know-how. The licensing of trademark rights indicates the use of a company (or product) brand together with the licensing of a product innovation. Having trademark licensing along with patent licensing would indicate that the licensor wants to make sure the licensee benefits from the brand reputation he has built in other countries, so that he gets full return of his investment by maximising licensing payments.
Our second hypothesis relates to the form of payment and its association with knowhow, but theory does not offer a clear cut response. When moral hazard issues are mostly on the licensee side, as it could plausibly be the case in international transfers to developing countries with weak patent protection, we would expect patent licensing contracts containing know-how to favor one-off upfront payments rather than royalties (or mixed types of payments). Although new global technology leaders are emerging from Brazil, most of domestic companies are still technology importers and intellectual property protection remains a concern for multinational companies. The risk of opportunistic behaviour by the licensee would then be minimised with upfront fees, which equals the transfer to a sale of the technology.
However, the result is not so straightforward in the presence of double sided moral hazard issues. In line with Hegde (2014) , when the inventor's knowledge can be codified and specified in patents and other forms of written guidelines, developers prefer upfront fees or milestone payments. However, if codification is not available, the necessity of the inventor's tacit knowledge for downstream commercialisation and further development would be associated with higher royalty rates, as argued in initial models.
Our third hypothesis refers to the age and value of technology. We posit that contracts with know-how transfer are more likely to include younger and higher quality technologies than contracts without know-how transfer. In terms of age, a negative relationship has often been put forward in theoretical models (Gallini and Wright 1990; Rockett 1990 ) and confirmed in some empirical studies (e.g. Kim 1997 ): younger technologies are often more complex than mature technologies and might require new skills and specific knowledge for their implementation. In terms of value, we would expect variables related to the value of the technology to be positively associated with the transfer of know-how, provided that the value of know-how increases with the value of the technology (Macho-Stadler, MartinezGiralt, and Pérez-Castrillo 1996) . While, to our knowledge, there is no previous research precisely on the existence or not of know-how transfer clauses and the value of the technology transferred, some recent studies suggest that the quality of the technology (i.e. proxied by patent attributes) is positively associated with the speed of its commercialisation (Wagner and Wakeman 2016) and exploitation of patents (see Torrisi et al. 2016) .
Our fourth and last hypothesis relates to the existence of prior relationships between the contracting parties. We identify those for a sub-set of licensing contracts and examine the importance of previous relationships in the provision of know-how. As discussed in the previous section, we expect prior relationships -which could be seen as a proxy for trust among parties -would increase the efficiency of the contracting process as double-sided moral hazard decrease (e.g. Anand and Khanna 2000; Bessy, Brousseau, and Saussier 2010; De Rassenfosse, Palangkaraya, and Webster 2016) . Therefore, we hypothesise that contracts involving partners with prior relations are more prone to know-how transfer.
In sum, based on previous studies, we expect international patent licensing contracts with know-how transfer to Brazilian companies to be more likely to include the licensing of other IPRs, notably trademarks; to include up-front lump sum payments; to relate to younger and higher quality inventions; and to involve parties with prior relations. Nevertheless, our analysis remains exploratory as regards the occurrence of IPR bundles and different payment schemes in technology contracts with know-how transfer as their relation is not clear cut. A technology contract with know-how transfer that relies solely on one off upfront payments can be interpreted as an agreement where the licensor effectively sells the technology to the licensee together with the right to use it, as no further payment is required from the licensee after the technology is transferred. In contrast, a technology contract with know-how transfer that involves the licensing not only of patents but also of trademarks and industrial designs, implies that the actions of the licensor and the licensee will still have an effect on the implementation of the contract over time and the parties would thus probably prefer more complex payment schemes, including milestone payments or royalties.
Our study differs from previous works in important ways. As opposed to Arora (1996) , Macho-Stadler, Martinez-Giralt, and Pérez-Castrillo (1996) or Cebrian (2009) , who analysed technology licensing contracts (with and without patents), we analyse the provision of know-how conditional on the licensing of patents. Our universe is thus patent licensing contracts. This enables us to include detailed characteristics of the technology in the analysis by drawing from patent databases. It also allows us to evaluate specific contractual and technology features characteristics previously understudied in the literature, such as IPR bundling, where other IPR licensing agreements are included in the contract in addition to patent licensing (Helmers and Schautschick 2013) .
Data and methodology
Our data come from the Department of Technology Transfer of the National Institute of Intellectual Property (INPI) in Brazil and refer to all technology contracts involving the licensing of industrial property rights (patents, utility models and design rights) filed in Brazil that were registered at the INPI during the period 1996-2012. According to Brazilian law (art. 211 of the Industrial property law 9279/1996), the registration of licensing agreements and those involving technology transfer before the INPI is mandatory for the following purposes (out of these purposes it is not required to report any information): (i) opposability against third parties; (ii) deduction by the Brazilian party of the amounts paid to the foreign party for income tax purposes (registration with the Central Bank of Brazil is also required); (iii) remittance of payments abroad (registration with the Central Bank of Brazil is also required); and (iv) creation of a presumption of non-violation of the economic order, since the INPI is considered an auxiliary agency of the economic authorities. The latter refers to compliance with competition policy frameworks and other market regulations (e.g. for purpose of detection/prevention of anti-competitive behavior and anti-trust; e.g. collusive practices).
7 Licenses and other contracts were for some time subject to antitrust review by INPI.
8 Such responsibility ended in 1996 and ever since the INPI has been mainly endorsed with the responsibility of contract registration.
INPI classifies technology contracts into five different categories: 9 (i) use of trademarks (UM); (ii) exploitation of patents, utility models or industrial designs (EP); (iii) technology supply (including know-how) (FT); (iv) franchising (FRANQUIA); (v) scientific and technical assistance (SAT); (vi) combinations of two or more of the previous categories.
10
Our data are a subset of the full INPI database on technology contracts as it only includes contracts with EP. Our sample represents around 5% of all certificates of technology contracts registered at INPI, but comprises all stand-alone contracts for patent exploitation as well as other technology contracts where patent exploitation is combined with one or more other categories.
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According to aggregate statistics published by INPI, certificates of contracts for standalone patent licensing represented around 3% of all certificates registered at INPI annually between 2000 and 2012. The category 'two or more categories combined' , which includes certificates of contracts with and without patents, always combined with other types of technology transfer, represent around 5%. We are aware that we are dealing with the most uncommon form of technology transfer (8% of technology contracts) occurring in Brazil, as patent licensing is a special form of legal contracting requiring special conditions for both licensor and licensee, and perhaps the most sophisticated form of technology transfer. As discussed earlier, multinational firms may prefer incur into foreign direct investment and licensing to affiliates to keep control of technology and prevent leak out and misappropriation of knowledge by local competitors.
Each technology contract is identified by a unique identifier (processo), which typically has several documents registered at INPI over time (certificado). We consider the first time a document related to a given contract is registered at INPI as its date of registration. Further documents registered in relation to a given contract tend to correspond to corrections or additions to the first certificate, very frequently because in the first document the 7 the parameters that are observed are the existence of contract conditions that restrict competition, such as export restrictions, conditions preventing challenges to validity of rights, exclusive bundling, etc. In such cases, contractors are advised to justify the reasonableness of such clauses and contracts are validated by InPI following the rule of reason.
8 this role was revoked with the enactment of the 1996 Industrial Property, which eliminated the functions of the InPI to regulate the transfer of technology and bounded its action to contract registration to the extent that the effects sought are compatible with the strict legal standards (Borges Barbosa 2012). For anti-trust contentious cases, contracting parties should address to the department of Justice.
agreement referred to patent applications that were later granted and the event of the grant had to be reported, notably because patent licensing payment information is only declared for licensing contracts involving granted patents. INPI technology contract data allow us to identify the date of registration at INPI of all the different certificados corresponding to the same contract; the IPRs covered; whether the contract involves the transfer of other technological knowledge not protected by IPRs (i.e. know-how, scientific and technical services); the licensor and licensee's names; the country of origin of the licensor; the industrial classification of the Brazilian licensee's main activity (CNAE/IBGE); and the exploitation conditions agreed in the contract (e.g. exclusive or not, contract term, payment schemes). We distinguish licensing contracts involving affiliated parties from contracts not involving affiliated parties. We identify affiliated parties firstly based on name similarity, and when licensor and licensee have different names we rely on Internet searches for company websites, press releases and any other relevant information source available. We consider that the licensor and the licensee are affiliated when we find that they belong to the same company group, are involved in a joint venture, merger or acquisition.
INPI contract data also have information about the payment scheme and fees agreed, however the value of the fees itself is not very informative because of the regulations in place. The Brazilian tax income law states that only royalty rates up to a threshold of 5% of net sales price would be eligible for tax deduction in contracts among unaffiliated parties, and that is also the maximum amount of royalties permitted in contracts between foreign affiliated companies.
12 To abstract from these issues, following the works of Cebrian (2009) and Hegde (2014) we codify different payment schemes, without analysing the value of the fees itself. We thus distinguish three types of contracts: (i) involving only upfront payments (one off lump-sum up front payment); (ii) two-part tariffs, combining fixed and variable fees, or periodical fixed fees; and (iii) variable payments, involving only royalty payments (stipulating as payment a percentage of the net sales or of the final price).
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Finally, we link parsed patent numbers from INPI contract data to patent-level information (e.g. International Patent Classes (IPC), number of inventors, patent family size) from data contained in PATSTAT October 2012 edition. We also used BADEPI10, the patent statistics database prepared by INPI in cooperation with WIPO (Barcelos et al. 2014) , to get information on patents filed by licensors and licensees at INPI since 2000 (first year available in the database), by matching the names of companies with names of patent applicants in BADEPI10, taking into consideration variations in the names of firms, and applicant IDs when available. As noted earlier, as there is no data available on patent citations for INPI patents (neither in PATSTAT nor in BADEPI10), we cannot therefore include citations-based variables in the main analysis at the contract level. We rely on citation data for the EPO patent family members of the patents included in the agreements in additional analyses that we perform on a subsample, as we explain below.
12 the limit of 5% (5%) of the net sales price of the product or service related to technology is relative to the tax deduction of expenditure on technology. Contracts should establish remuneration in accordance with the values prevailing in the market. For contracts between companies that have major capital, some market levels need to be respected and these maximum coefficients are established by the tax legislation ordinance MF. 436/58 supported by art. 12 of Law no. 4.131/62 in accordance with the article 50 of Law no. 8.383/91 (1991).
Contract duration is also limited by law to a maximum of five years, renewable another five years, so using this data to analyse the effect of know-how on the duration of licensing agreements is not very useful either.
Between 1996 and 2012, INPI registered 660 domestic and foreign technology contracts. They all involve the licensing of patents, utility models or industrial designs filed in Brazil (580 involve at least one patent), 106 include also the use of trademarks and 172 the provision of know-how or scientific and technical assistance.
14 After retaining contracts for which we have identified the legal relationship between parties (affiliates or unaffiliated), we have 498 foreign technology contracts involving patent licensing, around 75% of the total. About half of these contracts (53%) consist of stand-alone patent licensing agreements (see Table 1 ) and the rest (46%) are technology packages (providing licensing of other IPRs); 35% include the transfer of know-how (FT or SAT) and 21% involve the use of trademarks (10% in combination with FT or SAT). The share of contracts with know-how transfer here reported is close to the one found by Zuniga and Guellec (2009) for a segment of firms in a survey study on European and Japanese firms, where a third of patenting firms reported that know-how was involved in 40% of their patent licensing deals, whereas for Japanese firms only a sixth of firms report such a frequency.
From Table 2 , data indicate that patent licensing with affiliates contain more frequently other forms of technology transfer (in addition to licensing of patents) than with unaffiliated firms: 39% of contracts with affiliates involve know-how transfers whereas in contracts with unaffiliated parties this figure is 31%. In terms of licensing of other intellectual assets, contracts with affiliated firms in Brazil exhibit higher propensities to involve also licensing of industrial designs or models as well as a higher rate of licensing of trademarks compared to contracts with unaffiliated companies. Twenty-three per cent of contracts with affiliates also include trademark licensing and 18% report licensing of industrial designs or utility models -these figures are 20 and 7% in the group of contracts with unaffiliated firms. In contrast, the share of contracts with exclusivity clauses is very similar in both groups: 35 and 36% of contracts, respectively for licensing with affiliates and unaffiliated. Table 3 shows suggest noteworthy differences across industries in the importance of know-how transfer or licensing of other IPRs in patent contracts. Table 3 (2011) show that licensing of patents, industrial designs or utility models (EP contracts) represent only 2.5% of all technology contracts registered at InPI. they report the distribution across categories being as follows: 15% of contracts contain use of trademarks; 13% provide technology supply; 64% include scientific and technical assistance; and, 6% refer to a mixed category where two or more of types of transfer are combined in a single contract. our sample includes the latter group plus stand-alone patent licensing contracts. the three most important licensee industries with know-how transfer whereas Wood and Paper, followed by Rubber and Plastics, and Others are the licensee industries with highest rates of licensing of other IPRs. The same patterns are reported for the sample of licensing contracts between unaffiliated parties. The data relating to contracts registered at INPI should not be considered a census of transactions in technology. As explained by the Department of Technology Transfer at INPI, it is difficult to know how many contracts are not recorded and thus estimate the 
Empirical analysis
We employ probit models to examine the hypotheses previously exposed. We relate the decision to provide know-how (y 1i ) to the variables proposed in the literature (x 1i ) and hypothetically to the provision of complementary technology inputs such as other IPRs (trademarks) (y 2i ):
where I is an indicator function that takes the value of 1 when its argument is true and 0 otherwise. Our dependent variable is equal to 1 if the contract includes know-how transfer terms:
Taking the contract (processo) as the unit of analysis and consolidating patent-level indicators at the contract level, we relate the probability of the contract to include know-how transfer to the following explanatory variables: (i) contractual features (dummy equal to one if the contract explicitly contains know-how transfer; dummy equal to one if it has exclusivity restrictions and different types of payment scheme (upfront lump-sum payment only, royalty rates only or combined schemes, including two part tariffs or periodical fixed fees) -see Annex Table A1 for more information about different types of payments; (ii) IPR bundle (patents, trademarks industrial designs, utility models); a dummy equal 1 indicating whether the contract involves licensing of other IPRs in addition to patents; (iii) country of licensor (a dummy indicating if United States, Germany, France or another country are the countries of origin of the licensor)
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; (iv) industrial sector of the Brazilian licensee (grouping together different CNAE/IBGE 1.0 2-digit classes in broader areas, as set out in Annex Table A2) ; and, lastly, (v) technology features of the licensed patents, such as number of IPC classes, number of inventors; diffusion lag (number of years between average filing year of licensed patents and year of contract registration) and number of patents licensed per contract (likely to be related to the complexity of the transferred technology).
The number of inventors has been used as an indicator of the cost of invention and it has often been found to be a good proxy for the economic value of patents and their quality (Gambardella et al. 2007; OECD 2009) . In a group of regressions, we also include a dummy called 'biadic family' indicating the presence of patents also filed at USPTO and EPO 15 they correspond to 162 contracts in the InPI database for the period considered, which are consequently excluded from our empirical analysis which is focused on cross-border contracts.
u.s., Germany and France are the top three countries in the sample, each with more than 10% of the contracts. Japan, netherlands, switzerland and Italy follow with 6, 6, 5 and 4%, respectively. the remaining countries have lower shares.
(i.e. the INPI patent filing listed in the technology contract belongs to a family with USPTO and EPO filings). This is an additional dummy to distinguish quality patents and evaluate the link between technology of high quality and know-how licensing. 17 Belonging to a triadic patent family has been found to be good indicator of the market potential of the patented technology in question and to be positively correlated with the economic value of the invention and its quality (van Zeebroeck 2008) . The number of different IPC classes relates to the scope of technology, that is, the different technology areas that are protected and in which that invention could be used. Previous studies indicate that patent breadth is associated with more effective protection and so we expect the average scope of patents in contracts to be positively associated with the provision of know-how. Patent scope is also an indication of how much transversal such technology is (Lerner 1994; Lanjouw and Schankerman 2001) and it has also been found to be related to (higher) quality inventions (Lerner 1994) . The diffusion lag, defined as the average number of years between filing of the licensed patents and contract year, gives an indication of the novelty of the technology at the time of the licensing agreement.
We control for the licensee's industrial sector (the licensor's industrial sector is not registered in our contract data), contracting time (year of contract registration at INPI, defined as year of earliest date of registration of a certificado related to a given processo), and the licensor's country of origin (Germany, U.S., France and others). We also control for licensor's and licensee's size of patent portfolios and existence of a prior relationship. The variable 'prior relationship' is a dichotomous variable which is equal to one if the two parties had prior relationships through patent licensing contracting, as observed in our data. The coefficient of this dummy variable indicates the probability differential of having know-how for contracts involving partners with past contracting experience with respect to first time contracts. We report results from probit regressions for two types of contracts: (i) contracts involving only affiliated parties; and (ii) contracts involving only not affiliated parties.
Our analysis suffers from several limitations. We do not dispose of company data and therefore we cannot control for firm features such as firm size (in terms of employees or sales), downstream capacity (manufacturing and distribution assets), or R&D investment (or stock) of licensors and licensees. As regards industry or market variables, we are only able to identify the licensee's industry affiliation as declared to INPI. We are nevertheless able to control for technological strength of firms (for a sub-sample of contracts) and prior licensing relationships as recorded in our contract data. Unfortunately, data allowing the tracking of patent portfolios are only available from 2000 onwards. As a proxy of the technological strength of companies we use firms' patent portfolio. This is the number of patent applications filed at the INPI from 2000 (directly or through the PCT route) to the year when the contract was signed.
There are many other aspects of technology licensing agreements that in reality can also affect the trade-offs examined but are beyond the scope of this paper, mainly because of lack of the necessary micro-data at the level of contracts or, at least, technology areas or industrial sectors The characteristics of the optimum contract depend on a number of factors such as market (and technology) competition, reputation, involvement of intangibles 17 We have also tested the average number of InPI patents in triadic families (including ustPo, EPo and JPo filings, see oECd (2009) and Martinez (2011)) but we detected high multicollinearity between this variable, on the one hand, and number of inventors and number of IPCs, on the other. We also tried average number of InPI patents in biadic families (with usPto and EPo filings) and results were similar to the biadic family dummy that we finally included in the analysis.
like brand and loyalty, and the ability to enforce the contract in court. We also recognise that our sample of patent licensing contracts does not represent the totality of technology transfers. Exchanges of technology may also occur without patents, particularly in contexts where patent protection is weak and could lead to imitation by local firms. As recurrently shown by survey studies not all inventions are patented (e.g. Levin et al. 1987; Cohen, Nelson, and Walsh 2000) and MNEs may not patent all their inventions in Brazil and prefer to commercialise technology or certain types of technology through know-how or contracting services not involving patents. The backlog of the Brazilian patent office is known to be one of the highest and this contributes to multinational companies' reticence to patent in Brazil (Barcelos et al. 2014) . The legal uncertainty derived from having patents filed in Brazil but not granted for many years (10 years on average), which is more than in other countries, may have a negative effect on the likelihood of firms seeking protection in the country, at least for some of their inventions.
Another caveat we should mention is our impossibility to track ownership changes (mergers and acquisitions) in firms over time. We have been able only to see only the current legal status of firms (acquired or merged or continuing alone). We do not have sufficient information on previous firm legal relations and we prefer to be as conservative as possible, considering M&A as a sign of being or planning to be 'affiliates' . We recognise though the importance of tracking M&A changes dynamically in the analysis of contract features and how they were designed (which occurred in the past) before a local firm is acquired.
Finally, we are unable to evaluate the relationship between know-how and the amount of payments. First, royalty rates used to have a legal threshold (up to 5% of sales) and therefore there is no sufficient variation in this variable; and second, information on lump-sum amounts is often missing or partially reported. Table 4 displays the explanatory variables, their definition, number of observations and means for the total sample of 477 international contracts registered at INPI between 1996 and 2012 involving patent licensing agreements: 256 contracts between affiliated companies and 221 between unaffiliated firms. Table 5 reports marginal effects for probit regressions of the likelihood of including know-how transfer in the international technology contracts with patent licensing for each of the subsamples. The unit of analysis is the international technology contract with patent licensing. Columns (1)-(5) display regressions for contracts involving only affiliated companies (e.g. belonging to the same multinational company group) whereas columns (6)-(12) report regressions for contracts involving unaffiliated domestic firms. Columns (4)- (5) and (11)- (12) control for the technological strength of partner companies, as approximated by the patenting stock of firms. Given the limited availability of patent data harmonised at the applicant level from INPI (BADEPI10 starts with 2000 filings) these regressions refer only to contracts signed between 2000 and 2010. We discuss next the results for each of our groups of variables, compare findings across the two samples and relate our hypotheses mostly to the results of the regressions on contracts between unaffiliated parties. The analysis of payment types is only conducted in the sample of contracts involving unaffiliated companies.
Results

The probit model
Contracts between affiliated parties
Contract features do not appear to be associated with the inclusion of know-how transfer in contracts signed between affiliated parties. Indeed, contracts involving IPR bundling (a dummy equal to one indicates the presence of licensing of trademarks, industrial designs or utility models) are weakly associated with a higher probability of know-how provision than the rest of contracts (regressions 2 and 3), but the effect vanishes when we control for the parties' patent portfolio (regressions 4 and 5).
The transfer of know-how is related to younger technologies: the coefficient for the (average per contract) diffusion lag is negative, indicating that the more novel the technology, the more likely is the provision of know-how (regressions 1-5). The coefficients of variables reflecting the quality of inventions show mixed findings. Technologies with a higher number of inventors -which proxies for the costs of R&D -are not significantly related to a higher likelihood of know-how provision. This suggests that know-how transfer among affiliates is not associated with the licensing of more resource intensive technologies (with higher Table 5 . Probit model estimates -dependent variable: know-how provision in international technology contracts with patent licensing.
notes: robust standard errors in parentheses (clustered per licensor). Marginal effects reported. regressions include four period dummies referring to the year when the contract was signed and dummies for the industrial sector of the Brazilian licensee. Columns (4) and (5) in the first panel and columns (11) and (12) in the second panel refer to contracts signed between 2000 and 2010 as patent portfolios are build using data from BadEPI 1.0 which only includes data on patent filings from 2000. Columns (9)- (12) exclude observations with missing information on payment. Bold values represents "significant effects". ***p < 0.01; **p < 0.05; *p < 0.1.
With affiliated
With Un-Affiliated
(8) R&D costs). On the other hand, the coefficient on the dummy biadic family (patents also filed at USPTO and EPO) is positive and significant. The three variables -patent scope, number of inventors and patent family size -reflect quality of technology (van Zeebroeck 2011) .With regard to other technology features, we also find that patent scope and family size are positively related and patent age negatively related to know-how transfer with patent licensing among affiliates. Know-how transfer shows a positive correlation with the scope of technology, as measured by the average number of IPCs in the patents licensed. This result is valid across regressions and holds with the inclusion of additional variables (regressions 1-5). Thus, the likelihood of the provision of know-how increases when patented technology is broader and more transversal. In a nutshell, intra-group patent licensing contracts are more likely to include know-how transfer when technologies are younger, broader and more valuable in terms of international market potential. We also find that having or not an exclusive license on the patented inventions is not related either to the probability of including know-how transfer. Finally, as we find that past relationships (a dummy equal to one if partners had a patent licensing contract in the past; limited to the timeframe observed in our sample) are positively associated with the probability of having know-how transfer. This may simply indicate that even within the network of multinationals, international knowledge transfer benefits from repeated interactions within affiliated firms, especially if they are located in an emerging country (Brazil). 
Contracts between un-affiliated parties
Based on the findings of previous empirical and theoretical studies, we expect contracts with patent licensing between unaffiliated parties that also involve know-transfer to show distinctive features to those that do not involve know-how transfer. More precisely, as hypothesised earlier, we expect them to be more likely to include the licensing of additional IPRs (notably trademarks); to have upfront lump-sum payments; to cover younger and higher quality technologies; and to involve parties with prior relations.
The first hypothesis is confirmed. We find that contracts with IPR bundles are positively associated with know-how transfer. The presence of this feature in the contract is associated with a probability of having know-how assistance ranging between 20 and 46% higher than for contracts without IPR bundles, and this effect remains when we control for firms' patent portfolios.
Contracts with know-how transfer are also more likely to be associated with one-off upfront payments alone than to royalty payments alone (category of reference), confirming our second hypothesis. This result is significant only in regressions (11) and (12) when we control for the parties' patent portfolios -as a proxy for their technological strength. The sample here is however reduced to 114 observations. This finding is in line with Mendi (2007) and Bessy, Brousseau, and Saussier (2010) , in spite of our differences in terms of samples and types of contracts.
19 As in Mendi, upfront payments are positively related to
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We have not evaluated the type of payment scheme in the sample of contracts with affiliated firms, for two reasons. First, by law, intra-firm lump-sum payments are not allowed (given the loopholes in intra-firm transfer prices), and second, because the economic logic may be different and payment may not necessarily reflect pricing strategies associated with moral hazard but rather international fiscal strategies and transfer pricing. 19 Bessy, Brousseau, and saussier (2010) find a strong positive association between lump-sum payment (and negative relation associated with royalty payment) and know-how provision in French technology licensing agreements by French firms.
know-how transfer. In our case, contracts with upfront payment have a probability 50% higher to include know-how than contracts having only royalty as payment type. Two-part payments, in contrast, are less associated with know-how compared to payments based on royalty payments only. We could argue that upfront payments illustrate licensor's maximum precaution in the transfer of non-protected tacit knowledge. As the licensor firm discloses tacit information, she would require payment in advance -because once knowledge is disclosed, counterparts could use it for other purposes or terminate the contract any time.
In this case, as all contracts last five years the threat might rather be related to misappropriation of information for other economic purposes -not foreseen in the contract. We have looked at several contracts with lump sum payment (upfront payment only), and many of them, notably in chemicals and petrochemicals contain actually large payment amounts occurring at the start of the contract. In relation to combined payment schemes having a lower probability to be associated with know-how compared to royalty-only schemes, we could argue that the use of royalties is more related to codified knowledge than to tacit knowledge. We differ in this result with Hegde (2014) who finds that combined schemes are related to know-how. The explanation of the difference with Hegde's analysis relies basically in the type of industries we study and the market orientation of our contracts. While Hegde analyses technology contracts in biotechnology in the United States -many of these partnerships require licensor's inputs in R&D, our contract data concern mostly provision of technology for traditional industries. Most of the patent licensing activity we observe in our contract database for Brazil does not require involvement of domestic partners in the development of the innovation. We are talking then about already tested and developed technologies that are licensed abroad. In addition, we focus on international patent licensing contracts, while Hegde analyses essentially domestic contracting.
As regards our third hypothesis, we find no relation between the probability of knowhow transfer and the nature of the technology; neither the indicator of technology scope nor the number of inventors involved in the patents are significant in any of the regressions. Furthermore, once we control for patent portfolios (columns 11 and 12), the dummy biadic family shows a negative sign. Licensed technologies that are protected at both the EPO and USPTO ('biadic patents') -an indication of their strength and expected commercial prospects, have almost 50% less probability of being accompanied by know-how transfer.
We can conclude then that know-how transfer to unaffiliated companies is more likely to occur when the patents licensed are of lower quality, which goes against our hypothesis but suggests that what matters most is the potential risk of imitation in a country such as Brazil given the lengthy pending periods experienced by patents filed at INPI. This may lead foreign firms to license out their best technologies to third parties in Brazil only when they can ensure a clear definition of the limits of the transfer (without know-how).
It is also worth noting that we find a significant and negative correlation between the size of the patent package and the probability of know-how transfer. The magnitude of this negative effect increases in columns (11) and (12) when we control for firms' patent portfolios. Thus, the higher the number of patents licensed as part of a package in the same technology contract, the less likely it is to have know-how transfer, where the number of patents licensed per contract may be related to the complexity of the transferred technology as suggested earlier.
As regards the age of the technology, measured by the years since the patent filing and the date of the contract (diffusion lag), contracts with know-how seem to be related to younger technologies than contracts without. Know-how transfer is thus associated with technologies that are more quickly diffused on markets after their patent filing in Brazil. This finding confirms the second part of our third hypothesis and is in line with Kim (1997) in his study of know-how transfer in Korean firms, who found that the probability of providing technical services decreases with patent age.
In terms of firm features, neither the existence of prior relations (prior contracts signed between the same parties) nor the size of patent portfolios (which correlate with firm size and are a proxy for the technological strength of the partners) are significantly associated with know-how transfer in technology contracts with patent licensing between unaffiliated parties. The first result goes against our fourth hypothesis. Not being relevant to explain know-how transfer to unaffiliated companies and actually showing a negative coefficient is a counterintuitive result. We think that it may be driven by the limitations of our corporate data, our current impossibility to track changes in firm ownership over time as well as the short time period we are obliged to consider to build the portfolios (only after 2000). We consider that this result deserves further investigation and as such should not be considered as conclusive by now.
Lastly, our results also point at differences in the propensity to provide know-how according to the licensor's country of origin. In results not reported in Table 2 (for sake of space), our regressions show a higher probability of having know-how transfer when the licensor is from the United States and Germany than from other countries. This may nevertheless be influenced by the industry composition of licensing agreements by country. United States has more contracts with transfer of know-how than France and Germany; and for those, United States and Germany are more concentrated than France in chemicals than in machines and equipment. Licensing agreements with unaffiliated firms in the chemical sector are more likely to include know-how, which is consistent with the findings of other studies about know-how in chemicals being more easily codifiable and transferrable than in other sectors (e.g. Anand and Khanna 2000) .
We have assumed that covariates are exogenous to the know-how transfer decision. However, there are at least two main reasons why variables such as trademark provision or exclusivity may be endogenous to the provision of know-how. The first is the presence of latent heterogeneous factors (unobservable) that may affect both the probability of having know-how and the probability of licensing other intellectual assets (e.g. trademarks or designs); the second one is the potential simultaneity in the firm's decision to provide know-how and whether or not to accompany such transaction with the licensing of other complementary assets.
As discussed by previous studies (e.g. Anand and Khanna 2000) , contract features may be simultaneously determined. Following Gourieroux, Laffont, and Monfort (1980) and Maddala (1983) we have tried to evaluate this possibility with the use of a recursive bivariate probit model using full information maximum likelihood. This approach has been proposed to model endogeneity when both the dependent variable and an endogenous covariate are binary. We tested for the endogeneity of trademark licensing and dealt with the potential simultaneity of both decisions (know-how provision and trademark licensing) in contracts already including patent licensing. However, in the sample of contracts between unaffiliated parties we did not have sufficient observations in each of the four possible outcomes and we were unable to use this model and correct for endogeneity. With a larger data-set and with richer information on companies, this issue could be addressed in the future following the approach proposed by Miravete and Pernías (2010) .
Know-how and quality of patents
Previous results showed that provision of know-how is negatively associated with the complexity of the licensed technology -as reflected in the number of patents licensed in each of the contracts -and the market importance of licensed patents -approximated by the dummy on biadic patents. In order to dig further into this, we propose an alternative approach in this section.
We want to know whether patents associated with know-how are of higher quality than patents with no such link. We focus on patent licensing transactions with unaffiliated firms. We conduct this analysis for the sample of licensed patents with EPO family members -for which we could relate to forward citation data (Squicciarini, Dernis, and Chriscuolo 2013) given the lack of citation data for INPI patents. We relate the probability of receiving forward citations (from other patents in the five years after filing) to the characteristics of the invention (patent level) and contract. 20 We also examine the relation between know-how and originality, defined as the number of citations made to patents filed previously in a wider range of IPC classes. These exercises, although do not resolve the endogeneity or simultaneity issues for some of the variables, allow us at least to test whether know-how is associated 20 sixty-five per cent of the patents in this sample did not receive any forward citations in the first five years after filing. that is why we decided to relate know-how to the probability of forward citations. Table 7 . EPo-PCt Patent family members of InPI licensed to unaffiliated parties.
notes: robust standard errors in parentheses (clustered per contract). Marginal effects reported for probit regressions. Columns (3) and (4) in the first panel and columns (7) and (8) 
(8) or not with the technological impact of licensed inventions. These alternative approaches serve therefore as robustness checks for the findings previously reported. We control for contract and patent application years as well as sector effects of licensed technologies. Table 6 presents summary statistics for our sample of patents. Table 7 shows the results of the patent-level estimations for the EPO family members of the INPI licensed patents. Both technological importance, measured by the probability of receiving a forward citation and originality (Squicciarini, Dernis, and Chriscuolo 2013) appear to be positively correlated with the licensing of other IPRs (IPR bundle). In contrast, the transfer of know-how is not significantly related to none of the patent-level indicators considered, forward citations or originality, in any regression, except in regression (4) where it shows a negative and weakly significant relation with forward citations. Thus, patents with lower number of citations would be more likely to be included in technology contracts with know-how transfer. This would be consistent with the negative sign observed in regression (12) of Table 2 for the dummy biadic family: patents licensed with know-how transfer seem to be of less strength and importance than patents licensed without know-how transfer in Brazil.
Contract level features
Discussion and conclusions
Patents encourage the development of technology markets and facilitate the division of innovative labour across firms and sectors by reducing informational asymmetries and lowering the cost of transactions. In contrast, the transfer of know-how typically exacerbates contractual hazards and discourages firms from sharing such knowledge outside of the corporation. Using information on technology contracts registered at the Brazilian Patent Office between foreign firms and Brazilian firms (affiliated and unaffiliated) that include patent licensing clauses, we have analysed under what conditions the provision of know-how for unpatented components of the technology is also explicitly included in the contract.
We have tried to nail down factors that make the provision of know-how more likely in foreign patent licensing contracts in Brazil. By confronting some of the main arguments of the literature with individual data from patent licensing contracts, we have aimed to contribute to the scarce statistical evidence on the design of technology contracts available. We have shown that the contractual hazards related to the provision of know-how tend to be alleviated not only using payment schemes that take account of informational asymmetries but also through the use of IPR bundles. Our results reveal the complexity in contract design and call for further research not only on the features of contracts but also on the repercussions of such decisions. For instance, it would be interesting to investigate whether licensees receiving know-how show a higher innovative performance than those that did not have such knowledge transfer.
Our analysis suffers however from some data limitations, such as small samples and insufficient corporate information about licensees and licensors. It would have been preferable to control for firm size (approximated in our analysis by the patent portfolio of licensors) and test different proxies for technological competences, for instance. Given the limitations of our data, this exercise should be seen as a first examination of firms' patent licensing agreements based on individual contract data. Results should also be interpreted in the context of developing country. In future research, if data are available, we will try to link contract data with business information (i.e. the coverage and contents of currently available corporate databases such as ORBIS seems to be limited for Brazil) and control for key firm characteristics such the absorption capacity of the licensee and whether the multinational firm is located in the country or abroad. We would also like to extend this analysis to the totality of technology transfer agreements (patent and non-patent based) so that we can also analyse conditions and motivations driving the joint licensing of patents with know-how as opposed to stand-alone patent licensing, or stand-alone know-how licensing. Note: Contracts with missing data on payments (payment marked as 'nihil') are those which only include pending patents, for which payment terms are then gradually added as patents get granted. 
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